Stephania venosa (Blume) Spreng or "Sa-Bu-Leud" is a Thai medicinal plant used for treatment of cancer and diabetes, and as a blood-tonic and aphrodisiac. This plant contains alkaloids as its major components and has been of interest for its acetylcholinesterase (AChE) inhibitory activity. Phytochemical screening of S. venosa was made using HPLC analysis and showed the chemical variation between the same species from different provenances. Fractionation of S. venosa extract yielded three alkaloids, namely, dicentrine, crebanine, and tetrahydropalmatine. AChE inhibitory potential of the isolated alkaloids was evaluated using Ellman's AChE inhibition assay. Dicentrine, crebanine, and tetrahydropalmatine inhibited AChE activity with IC 50 values of 93.5, 86.6, and 168.6 µg/mL, respectively. The AChE inhibitory activity of the tertiary protoberberine alkaloid, tetrahydropalmatine, was lower than that of the aporphine alkaloids, dicentrine and crebanine, whereas the quaternary protoberberine alkaloid, berberine, showed a higher AChE inhibitory effect than the others.
Acetylcholinesterase (AChE) is one of the most important enzymes in many living organisms. AChE inhibition serves as a strategy for the treatment of Alzheimer's disease, senile dementia, ataxia, myasthenia gravis, and Parkinson's disease. Currently, many AChE inhibitors have been isolated from plants and a lot of them are alkaloids [1] . Since AChE inhibition is one of the insect toxicity mechanisms [2] , some plants build their own defensive system against insects by producing these alkaloids. Therefore, many potential insecticidal plants have been investigated for their AChE inhibitory activity.
Stephania species have long been recognized as medicinal plants in many Southeast Asian countries. S. venosa, the prominent species, vernacularly named "Sa-Bu-Leud" in Thailand, has been widely used in traditional medicine for treatment of cancer and diabetes, and as a blood-tonic and aphrodisiac; alkaloids are the main constituents of the genus [3] and their production using plant tissue technique has been studied [4, 5] .
S. venosa showed a high AChE inhibitory activity [6] . Three AChE inhibitors were isolated and identified as stepharanine, cyclanoline, and N-methyl stepholidine. They expressed inhibitory activity on AChE with IC 50 values of 14.1  0.8, 9.2  3.5, and 31.3  3.7 µM, respectively [7] . However, dicentrine, crebanine, and tetrahydropalmatine were not tested in that study. In the present work, the AChE inhibitory potential of the major alkaloids isolated from S. venosa, namely, dicentrine, crebanine, and tetrahydropalmatine, were evaluated using Ellman's AChE inhibition assay [8] . A brief structure-activity relationship of these compounds is discussed.
For phytochemical screening, a high-performance liquid chromatographic technique was used with a diode array detector (HPLC-DAD). Remarkable variations in constituents were shown within the same species from different geographical origins. The samples from Udonthani province of Thailand yielded dicentrine as their major component, whereas samples from Prachuap Khiri Khan contained tetrahydropalmatine and crebanine. S. venosa is a dioecious species with staminate (male organs) and pistillate flowers (female organs) presented on separate individuals. HPLC comparison of the constituents of each sex was made, but no variation between the different sexes within the same population was detected.
Fractionation of S. venosa extract yielded three alkaloids namely, dicentrine, crebanine, and tetrahydropalmatine. Their chemical structures were elucidated on the basis of spectroscopic evidence. Dicentrine and crebanine are isomers where the methoxy group alignment was assigned and confirmed by 1 H NMR experiment. Tetrahydropalmatine is a protoberberine-type alkaloid, while dicentrine and crebanine are classified as aporphine-type. The AChE inhibitory activity of the isolated alkaloids is shown in Table 1 . The AChE inhibitory activity of the tertiary protoberberine alkaloid, tetrahydropalmatine, was lower than that of the aporphine alkaloids, dicentrine and crebanine. Our results are in accordance with a previous report [7] that tertiary tetrahydroprotoberberine alkaloids showed weaker AChE effect than the other types of Stephania alkaloids. The quaternary protoberberine alkaloid, berberine, showed a higher AChE inhibitory effect than the others Plant materials: Roots of S. venosa were collected from Prachuap Khiri Khan Province in the north of Thailand and Udonthani province in northeastern Thailand. The samples were identified based on the key to species described in Flora of Thailand [9] ; voucher specimens are kept at the Drug Discovery and Development Center, Thammasat University, Pathumthani, Thailand. The sample was washed thoroughly with tap water, cut into small pieces and dried in a hot air oven at 50C for 72 h. The dried sample was ground into powder, and stored in an air-tight container at room temperature (28-30C) away from light until used.
Extraction and isolation:
Each sample was macerated with methanol for 3 x 72 h with occasional shaking. The extracts were combined, filtered, and the solvent evaporated using a rotary evaporator. The methanol crude extract was then partitioned with dichloromethane and water. The lipophilic layer, which contains alkaloids, was roughly separated by column chromatography (CC) (Merck silica gel 60, 70-230 mesh) with dichloromethane: ethyl acetate: methanol (70:25:5, v/v/v) as mobile phase. Fractions were monitored using TLC (silica gel 60 F 254 ) sprayed with Dragendorff's reagent. Further purification was made using CC (Merck silica gel 60, 230-400 mesh). The final cleaning up was carried out using a Sephadex LH-20 column eluted with methanol. Purity was assessed by TLC and HPLC. Identification of the isolated pure compounds was made by comparing their melting points, and 1 H NMR, 13 C NMR and mass spectra with reported data [10] [11] [12] .
Assay for AChE inhibitory activity:
Each pure compound was dissolved in methanol to give concentrations of 31.25-2,000 µg/mL for dicentrine, crebanine, and tetrahydropalmatine, BUT 0.3-20 µg/mL for galanthamine hydrobromide. The AChE activity assay used a 96-well microplate reader [6, 13] . Briefly, 125 µL of 3 mM DTNB, 25 µL of 15 mM ATCI, and 50 µL of buffer were mixed with 25 µL of each sample or standard solution, followed by the addition of 25 µL of 0.28 U/mL AChE. Absorbance at 405 nm was measured every 2 min for 10 min by the microplate reader. The velocity of the reaction was calculated from the regression line. Activity of the enzyme was calculated as a percentage of velocity compared with that of the assay using buffer without any inhibitor.
Supplementary data: 1 H NMR and 13 C NMR spectra of (-)dicentrine, (-)-crebanine, and (-)-tetrahydropalmatine are presented in supporting information.
